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This  report  ha*  been  arranged  in  two  iferta  to  bring  “»*  M  clearly  aa  possible 
both  the  main  experimental  oonoluaiona  that  appear  to  be  Justified  and  the  degree  to  whloh 
'they  are  supported  by  statistical  analysis.  Bart  1  it  descriptive.  iert  II  contains  the 
^detailed  statistical  analysis. 


ons  cn  the 


SUMMAET 

(1) .  Bxperlments  have  been  carried  out  to  ascertain  the  effeot  of  cold  oond 

performance  of  tasks  involving  manual  dexterity  and  taotile  sensitivity. 

(2) . In  a  pilot  experiment  at  room  temperature,  4  manual  dexterity  and  3  taotile  sensitivity 

testa  were  given  to  20  subjeots.  Subsequent  correlations  between  pairs  cf  tests  of  the  sas 
kind  shewed  there  sms  no  statistical  justification  for  eliminating  any  of  the  annual 
dexterity  testa.  Of  the  taotile  sensitivity  tests  only  one  (the  two-point  discrimination 

test)  ns  retsined. 

(3) . 10  subjeots  were  tested  in  the  cold  ohambsr  and  were  divided  into  3  groups  of  sixi 

Oro'jp  A  mi  «poa«e  to  *  taaporature  of  -lo°C.  far  1  hr  with  still  sir 
groig  |  •  1  •  -lo°c.  for  1  hr  »  •  » 


onto  c 


“10  c.  far  If  hr*.  • 


(4).  In  eaoh  group  the  teats  were  applied  in  e  balanced  design.  Subjeofea  were  given  piw- 
expoeure,  and  exposure  teat  runs,  and  on  leaving  the  chamber  eeoh  subject  continued  *0 
perform  the  teats  in  rotation  until  his  performance  returned  to  near  pre-exposure  levels. 
Skin  (finger)  temperatures  were  recorded. 

(3).  To  aid  interpretation  of  the  results  of  the  first  experiment,  a  second  one  was  carried 
out  using  the  two-point  discrimination  teat  at  room  temperature  only.  Groups  A  and  0, 
and  a  third  group  (D)  of  12  men  not  previously  tasted  took  port  in  this  experiment. 

(6) .  In  a  third  axperloent,  6  subjects  (Group  D)  were  given  the  taotile  sensitivity  test  and 

ona  ef  tbs  manual  daxterity  testa  at  intsrvals  before  entering  the  cold  ohamber,  and 
during  a  40-ntn.  exposure  period. 

(7) .  In  the  first  experiment  oil  three  groups  of  subjects  showed  significant  impairment  in 

performance  in  carrying  out  all  the  4  manual  dexterity  teaks  in  the  cold,  with  the 
exception  of  Group  A,  which  showed  a  non-significant  improvement  on  ons  of  tbs  teats. 
Performances  deteriorated  as  the  exposure  period  inoreased,  showing  more  markedly  with 
eonr  teats,  and  with  soma  aubjaota  than  othera. 

(8) .  All  three  groups  showed  improvement  in  taotile  sensitivity  during  the  first  30  minutes 

in  the  oold  chamber.  The  performance  of  all  three  groups  shared  a  tendency  to  return  to 
pre-exposure  levels  of  performance  on  leaving  the  chamber.  Very  eignifiount  differences 
were  found  between  the  performances  of  subjeots  in  tho  ounw  group. 

(9) .  Skin  temperatures  wero  significantly  oofrulated  with  length  of  exposure  and  with  tactile 

sensitivity. 

(10) .  In  the  aeoohd  experiment  evurugo  readings  for  Group  D  Bhowed  e  steady  improvement 

throughout  the  experiment,  wills  those  for  Groups  A  and  0  maintained  a  fairly  consistent 
level  of  performance.  The  results  of  tho  third  experiment  indicated  that  the  Improvement 

of  taotile  sensitivity  in  the  oold  found  in  the  first  experiment  me y  be  attributed  to  a 

'learning  factor'.  Manual  dexterity  may  bo  affected  in  a  similar  manner. 

(11) .  Exposure  to  oold  prevented  the  normal  improvement  in  performance  of  manual  dexterity 

tasks,  taking  plaoe  at  room  temperature.  This  did  not  ooour  in  the  oeae  of  tactile 
discrimination  until  a  sudden  1  wring  of  the  temperature  wee  brought  about,  associated 
with  tbe  introduction  of  e  wind  footer. 
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PART  ONE 


THE  PROBLB M 


Many  earlier  experiment#  hare  ahown  that  human  8eneltivlt,f  and  volitional  behaviour 
are  adversely  affected  by  expoaure  to  severe  cold,  eepeoially  wit'  wind.  The  preaent 
enquiry  waa  undertaken  In  an  attempt  to  diaoover  more  about  the  effect  of  lea*  severe  low 
temperature  condition#  on  the  eame  types  of  performance. 


X. 


1. 


S’® 


rlptlon  of  the  Teata 
xl  Dexterity  taaka 


The  Peg  Test 

The  Nut  and  Bolt  Teat 

The  Screwdriver  Teat  — •  screwing  in 

The  Screwdriver  Test.  —  unscrewing 


Plate  (i);  the  Pag  Teat 


In  a  tioek  of  wood  8*  x  2i'  x  1«  lm  sets  of  2C  r:ndotily  jrr.in’V’d  holes  •wcw  drlllod.  The  two  cots  of  holes 
were  cepanted  by  a  2'  x  !!»'  C(..>oo.  T1»e  bloc;-,  of  «tood  -.-jy  held  on  the  to  tie  by  the  subject's  left  hand,  and  he 
perforaed  the  test  by  troniferrlne  20  r«C®i  '/io*  dimeter,  'till)  hie  rlcht  hand  frnti  one  set  of  holes  to  the  otherv 
All  subjects  used  nere  rl(9it-t ended. 


Plat*  (tl);  and  ^eat 


ft  •'X-r  i 


Constated  of  tin  Mtil  plat**  x  J*  In  which  8,  H»  bolu  were  mounted  In  a  regular  oquors  arrancMant  -  2"  x  2* 
Tha  Plata j  war*  aspirated  frou  ona  another  by  1  2/10"  so  that  tha  bolts  projected  3/10*  above  the  upper  plate.  Eltf 
6  B.A.  nuts  on  each  of  tha  projecting  portions  or  the  eigit  bolu,  •ditch  had  been  aerwwod  down  until  they  ware  In 
eontact  with  tha  upper  plate,  had  to  be  removed  by  tha  subject  as  quickly  aa  possible  1*1  lie  ho  held  the  apparatus  mi 
tha  Ubla  with  hta  left  hand. 


The  Borawedrlrer  Teat 


Consisted  of  two  aeui 
;lataa  J"  1  J*  arranged 
at  right  angles,  with  two 
aau  of  rive  /»  n,,i.  nuts 
each  sat  arrangad  In  a  row 
In  tha  centra  of  ona  of 
the  natal  plates.  In 
order  to  scree  tha  *«!nch 
bolu  into  tha  nuta, 
tJbjoota  ware  allowed  to 
begin  by  aorewing  tha  bolt 
In  <nl tii  their  flnctra 
until  tha  tip  or  the  bolt 
was  flu*  with  the  book  of 
tha  natal  plats,  and  the 
task  mts  c Depleted  with 
0  screwdriver,  unscrew¬ 
ing  was  carried  out  with 
a  acrewdrlvar,  until  tha 
tip  of  tha  bolt  no  longer 
projected  beyond  the  back 
of  the  plete,  end  there¬ 
after  tha  nut  wee  removed 
by  hand. 


All  teatw  had  to  ho  performed  aa  qulokly  an  possible, 
taken  to  perform  aaoh  taak. 


Thn  "nooro"  run  the  time 


2 


Tactile  Swraltivity 


Two-point  Discrimination  (the  Dividers  Teat)  (plate  v) 
The  Hole  Tent  (plate  vl) 

The  'V-Teat*  (Maokworth  1951)  (plate  vii) 

The  apparatus  for  each  of  these  was  Bade  up  in  porspex. 

Plate  (v)i  The  Pirlders  Teat 


A  two-point  Inatnxaent  6  in.  long  similar  to  a  pair 
of  cocp a0308  waa  constructed.  Jian  applying  tire  tost 
tire  nerftil  "irethod  of  Malta"  won  used  first  In 
dosetndlne  and  then  in  ascending  order.  ( l.e.  tbe 
point*  vie  re  flr*t  applied  widely  separated  und  then 
brougit  nearer  tojettrer,  witll  ure  subject  reported 
■one*  point  only.)  The  order  of  application  tea 
then  reversed.  Ure  divider  points  were  applied  to 
the  pulp  of  tire  subject's  right  index  finder 


During  a  run  the  subjects  remained  passive,  the  test  being  applied  by  the  experimenter. 
No  actual  measure  of  the  pressure  with  which  the  test  was  applied  was  made,  though  the 
experimenter  endeavoured  to  maintain  oonatant  pressures,  and  was  careful  to  apply  the  two 
points  of  the  Dividers  Test  simultaneously. 

One  ooKplete  test  oonaiated  of  10  rune  in  eaoh  direction,  the  subject  giving  respon¬ 
ses  of  "two"  or  "one"  according  to  the  sensation  of  the  number  of  stimuli  received.  The 
teat  was  soared  by  recording  the  lest,  or  the  first  separation  in  each  ease,  when  the 
response  "two"  was  given,  end  an  average  of  the  ten  readings  so  recorded  was  taken  as  an 
indication  of  the  subjeets  tactile  sensitivity  at  the  time  of  the  test. 


Plate  (vi)t  The  Hole  Test 


A  it  rip  of  penpas  m  mod  In  which  •  regularly  graded  *erlea  of  hole*  of  known  diameter  had  baan  bored.  Tha 
pulp  of  tha  (ubjaet'a  flngar  waa  applied  to  tha  parwpax  itrlp  by  tha  experloenter,  tio  th«  teat  wai  eondivted  aa 
for  the  Divider*  Ttit,  with  Ure  exception  that  tha  subject's  rerponae  was  "hole"  or  "no  hole",  and  the  rending 
recorded  waa  tha  diameter  of  tha  holt  last  cr  first  felt. 


H.  Selection  of  the  festal 


traded  forms  of  oaoh  of  tho  Mmol  dexterity  tub  warm  oonatwoted  -  e.g.  V  differ- 
•nt  ilMt  of  peg,  6  different  iImi  of  nut,  ltd}  different  iim  of  bolt,  These  testa, 
together  with  the  taotilo  sensitivity  teats  alrecdy  daaorlbed  were  given  to  20  sub  jeots 
las  pilot  experiment  it  roc*  topcreture  in  order  to  asoartain  whether  any  positive 
oorre lotions  in  perfbraanoa  existed  between  taste,  and  also  in  an  effort  to  elladnate 
•am  of  the  tests  and  so  redooe  the  total  tine  of  trials.  under  full  vnld  coalitions. 

ill  stibjaets  ohosen  were  healthy  sales  between  20  and  35,  engaged  in  research  work 
In  the  BAP  institute  of  Aviation  MedledLna. 

B»s  results  of  this  sxperisant  showed  that  in  the  tz*»  of  the  dexterity  tasks  each 
perforsanoe  was  reasonably  independent  of  the  others,  iooordingly  it  was  deoided  to 
mtaia  all  4  tests. 

in  the  oase  of  tactile  sensitivity  there  proved  to  bo  considerable  overlap  botween 
all  5  of  the  fores  used,  as  Indeed  eight  have  been  expeoted.  Xt  was  therefore  deoided 
to  adopt  the  Dividers  fast  ohiefly  booaaseof  its  superior  definitenass  and  the  greater 
ease  with  which  bom  oontrol  over  pressure  oould  be  saintained.  (See  oorrelation  values 
referred  to  abovo  will  bo  found  in  fables  1(a)  and  1(b),)  Part  two) 

HI.  Qaneral  Oandltieae  of  the  Oold  jtageriLmnta. 

1,  Clothing t  Civilian  Mbjaots  wore  their  ordinary  winter  underclothing,  a  heavy¬ 
weight  Ihvy  pullover,  long  blaok  wool  stookings,  a  kapok  "inner-lining*  for  external 
protection,  flceoe -lined  flying  boots,  a  looaa  weave  'dish-cloth'  aoarf ,  a  oold  waathar, 
wiadfroof  oap,  a  light-weight,  wool  lined  and  a  ootton-baoked  flora  for  tho  non-«re- 
farred  hand  (l.a.  tho  loft  hand  In  all  sUbJoeta  tasted). 

•ervioa  peraonnal  wore  exactly  similar  olo thing,  esoept  that  they  wore  battle -drees 
blouses,  ins  to  ad  of  the  Mary  pullover. 

Mo  fora  of  proteotion  was  provided  for  the  sAJoetS*  right  hands. 

>•  the  Cold  Ohashert  Conditions  (-10°0.  with  still  sir)  oculd  sot  be  maintained  for 
longer  than  3d-40  min.  in  the  experimental  ehasher.  Corn  aqua  ntly,  as  there  was  a  oon- 
ttMal  upward  trend  of  tewperatuxe,  subjects  actually  entered  the  chaafcer  at  a  tempera- 
hne  of  -^5^0.,  and  when  this  rose  to  -5°0.  (generally  30  minutes  later)  the  refrigera¬ 
ting  plant  ant  eleetrioal  fan  ware  turned  on,  to  bring  the  tawporature  down  to  -Wv’o. 
•gain. 


XT.  Daaoriution  of  tho  BmowriMnta. 

1*  laoorimont  1. .  16  o*  the  20  subjects  already  tested  were  ohoeen  and  divided  into  3 
groups  of  6,  on  the  basis  vf  thair  average  ten  tils  aanaltlvity  readings  already  rooordad, 
so  that  oahh  group  oemtainad  an  wqual  number  of  apparently  "more"  and  apparently  *Lesa" 
aensitiva  subjects. 

Croup  A  was  exposed  to  a  teaperature  of  -iO°o.  fbr  $  hour. 

(heap  B  •  •  •  •  ■  •  -10*0.  ■  1  hour. 

Croup  0  *  •  •  •  *  •  -10*0.  •  hour*. 

The  ohoeen  Woks  were  applied  In  a  regular,  balanced  design  for  eaoh  group,  with  tha 
tactile  sensitivity  task  always  hapt  in  tha  oentral  position  l.e.  tho  third  task  peAnmd 

tha  prooodure  adopted  was  to  tact  ovary  subject  first  at  room  tsaporatura  (15°  to 
18*0.  )  on  the  eosplsts  battery  of  teats,  in  order  to  establish  a  baalo  reading  for  that 
sUbJeot  for  saeh  teat.  A  skin- temperature  reading  was  than  taken  with  a  oepper-omstaefen 
tha rwooeupls .  fba  theraoooip li  was  placed  on  the  centre  of  the  pulp  of  the  exposed  index 
finger,  aid  kept  la  place  with  siao -oxide  strapping.  After  tha  reading  had  been  taken 
the  theraooouple  was  removed. 


fh*  eubjeot  then  entered  the  oold  ohaaber  where  ha  remained  aaatad  at  rest  thrcroah- 
out  the  exposure  period.  Tactile  sensitivity  recordings  were  taken  at  10  minute  inter¬ 
val*  after  entering  the  ohaaber,  and  akin  temperature  readings  mere  taken  before  and 
after  eaoh  reoording, 

Sinoe  the  oaklets  battery  of  testa  took  an  average  testing  tine  of  20  to 

oo^plete,  testing  was  on— need  10  ainntes  before  the  end  of  the  expoeme  period,  aad 
oontinued  far  10  minutes  after  that  tiae,  but  sinoe  subjects  differed  considerably  in 
the  aaount  of  tins  they  took  to  perfOra  the  dexterity  teats,  in  so**  oases  they  had  to 
oantlun*  testing  in  the  oold  ohaaber  for  15-18  minutes  after  the  sod  of  the  exposure 
period.  Skin  temperature  readings  ears  taken  before  aad  after  tte  final  taating  period 
in  the  cold  ofciaber. 

On  leaving  the  oold  ohaaber,  the  stbjsot  continued  to  perform  eaoh  teat  in  rotation 
until  bis  perfbraanoe  level  returned  to  the  original  vain#,  or  naar  the  original  value. 
Skin  temperature  readings  vers  taken  between  eaoh  test. 

*•  ly  rinant  2«  The  subjeota  In  groups  A  and  0  vers  re-tested,  using  the  two-point 

discrimination  test,  at  room  temperature  only.  Oroup  B  was  eliminated  owing  to  the 
hbsenoe  of  seam  membere  of  tho  group, 

A  third  group  of  12  subjects  -  Oroup  0  -  vaa  tasted  over  a  period  of  60  minutes  at 
toon  temp  stature,  The  individuals  in  this  group  had  not  part  in  the  previous 

experiment,  but  were  being  tested  for  the  first  tins, 

1b»  Mvidere  Vest  wee  applied  es  before,  flubjeots  vers  tested  at  10  minute  Inter¬ 
vale,  lbs  timing  oondltions  vers  made  to  slaulato  those  of  the  previous  experiment,  so 
thst  s  'pte-expoeurs  level*  reeding  was  first  taken,  a  period  of  15  minutes  allowed  to 
•lapse,  and  then  testing  vaa  oontimed  at  10  min.  intervals  for  the  requisite  'exposure* 
peidod  until  finally  tno  so-called  *  part -exposure*  readings  had  been  recorded.  (Jtotet 
The  test  Itself  took  3-5  nine,  to  apply  so  that  "tasting  at  10  adn.  Intervale  meant  a 
testing  period  of  5  sis,  and  s  rest  period  of  5  ■*", 

3,  HwlssatJ.  6  available  subjeota  in  Oroup  S  vnra  tested  at  room  tampaiatuia  at 
10  ala.  intervals  until  their  tactile  sensitivity  level  seemed  to  have  reached  a  fairly 
none  tent  figure.  They  then  put  on  the  eanr,  oold-vsathsr  olothing  as  van  used  in  fcperl- 
■snt  Z  end  entered  the  oold  o  heSber*  The  sane  temperature  (-10^0,  )  wee  —tvd  es  In 
l^eiiasnt  Z.  After  oi— nolng  oold  exposure,  ahbjeots  were  re-tested  st  10  adnute  inter¬ 
vals  until  the  tsmpersture  in  the  ohaafcer  rose  suffloiently  to  roqudre  the  elec  trio  fen 
and  refkigereting  plant  to  be  turned  on  to  restore  the  test  oondltions.  moat  that 

oold  axpoaura  lasted  for  30-40  minutes  for  — t  subjects,  and  the  'wind-chill  f so  ter' 
van  sllmdnsted.  NO  skin  temperature  readings  vers  recorded. 

The  Bag  Test,  shortest  of  the  manual  dexterity  task*  to  perform,  vaa  given  to  every 
subjsot  after  the  tactile  sensitivity  reading  had  been  recorded,  both  at  room  tampers 
turn  end  in  the  oold  oondltions. 

T,  The  Ixperimental  Keaultsi 

tuperinent  1i  keaultsi  Manual  Dexterity. 

The  average  tins  curvet  tor  the  ^  hr,  1  hr  and  1}  hr  groups  (a,  B,  sad  0  groups 
respectively)  vara  dream  up  from  the  absolute  individual  figures,  (flae  Figures  1,2,3, 
and  A.) 

Za  all  groups  with  the  e  xaeptlon,  for  all  A  taata,  the  average  ourvea  showed  s 
definite  lapadionnt  of  perform—*  at  the  end  of  the  axpoaura  period.  The  average  eurve 
representing  the  patfbreaaoa  of  the  f-hr  group  (Group  a)  on  the  to g  Test,  shove  that  in 
fast  at  the  end  of  the  aspoaure  period,  perfbxwnaoe  had  slightly  improved,  though  the 
loes  of  1,5  sees,  ea  their  original  level  at  room  te— reture  la  net  significant,  shock* 
that  the  exposure  to  oold  had  no  effeot  on  thla  group  performing  this  teat. 


Zt  vaa  apparent  from  the  individual  ourvea  that  the  perform— as  of  subjeota  varied 
considerably  within  groups,  seme  subjects  showing  little  or  no  change  in  perfbraanoe 
level  throughout  the  experiment,  (e.g.  one  eubjeot  in  Qroup  B  had  a  pre  expoeme  level 
of  performance  of  251  see,  teat  3  of  which  roaa  to  253  seos.  after  60  mtiwitaa  exposure 
aad  finally  dropped  to  2A5  eeo.,  30  minutes  after  leaving  the  obld  ohaaber),  while  ether 
subjeota  show  a  very  narked  deterioration  in  performance  (e.g.  another  eubjeot  in  the 
aane  group,  performing  the  sene  test,  bid  a  pre -exposure  level  of  performance  of  189 
seca. ,  which  rose  to  358  tees,  after  50  minute*  to  exposure,  and  finally  dropped  to  185 
seoe.,  30  minutes  after  leaving  the  oold  ohaaber.  ) 


Tables  II (a),  II (b ),  H(e)  and  HI  aat  out  tha  relevant  atattstioal  data  for  toil 
aaotion  of  tha  raport.  lba  nore  important  oonoluaiona  arising  firm  the  analgia  were:- 

fl )  FarfOrmanoea  datarioratsd  aa  the  expo aura  period  lnoraaaed. 

(2)  Ftrformanoea  deteriorated  nore  oa  sene  teats  than  others  In  tha  sold. 

(3)  Ftrformanoea  of  aoaa  subjects  within  a  croup  deteriorated  sore  than  those 
of  other  aubjeota. 

Subjects'  On— entat-  Subjeots  in  Groups  9  and  0  ooaaented  on  the  loaa  of  pm r  in  tha 
tin»b,  nfefoli  appeared  to  then  to  be  nore  pronounoed  than  lose  of  sensitivity,  and  thla 
observation  was  need  bjr  then  to  explain  the  lnoraaalng  awkwardness  and  el— tineas  in 
nanlpulatlon  of  the  dexterity  teats  towards  the  and  of  tha  exposure  period. 

Oralk  observed  in  his  work  on  'If fact*  of  Cold  upon  Hand  wcv*»*n*a  and  Re  action  Tinas' 
that  "whsraaa  normally  tha  thumb  oan  be  rotated  to  faoe  the  fourth  fitter  and  extended 
to  toooh  the  tip  of  thla  finger  without  the  latter  bending  at  its  inter-phalangeal 
Joints,  when  oold  the  fourth  finger  is  involuntarily  bent  to  neat  the  almost  help  leas 
thoSb,  and  tha  thud)  fails  to  rotate,  pressing  sideways  towards  the  fingers*. 

Both  aorwwdrivwr  tests  wwra  found  to  tax  the  powara  of  tha  subject*  most,  the  great¬ 
est  difficulty  being  experienced  in  endeavouring  to  pick  up  tha  bolts  the  oorreot  way 
round,  and  insert  them  with  a  alight  screwing  motion  into  their  holes. 

Experiment  1  -  Basultai  Tactile  Sensitivity. 

is  in  tha  ease  ef  manual  dexterity,  average  curves  for  Qroupa  A,  B  and  0  wore  drawn 
op  from  tha  absolute  and  relative  figures  (ace  Figures  5  and  6).  (Motet  The  relative 
figure#  hare  axe  obtained  by  the  method  used  by  Mukmorth  in  calculating  his  'numbness 
index'.  The  initial  loadings  on  tha  Dividers  Teat  taken  before  oold  exposure  differed 
between  eas  man  and  another)  the  slae  of  the  Just  detectable  gap  varied  from  1*55  a. a. 
in  soma  adbjeots  to  aa  muoh  as  2.7  in  others.  It  was  therefore  meoeaaary  to  xwmove 
tha  affects  of  these  individual  difference  a  in  normal  taotile  sensitivity  whan  estimating 
the  average  effsota  of  tho  particular  ohoaen  enviro—ent.  For  oaoh  person  the  difference 
between  tha  reading  of  tha  Just  dateotable  gap  and  saoh  of  tha  subsequent  gap 

alaes  needed  by  that  peraon  was  oaloulated.  Tha  'taotile  sensitivity  index*  wea  there¬ 
fore  Haw  average. decrease  or  increase  required  in  physical  gap  alas  to  keep  the  taotile 
iapreaaloa  of  two  separate,  dL'atinot  points,  and  this  average  figure  was  the  mean  of 
leadings  taken  from  tha  subjeeta  ooaprlaing  a  group. )  In  all  3  groups,  the  average 
curves  showed  a  definite  iaprovemant  in  performanoe  (i.e.  a  decrease  in  the  phyaioal  gap 
slat  required  to  keep  tho  lipresalon  of  two  points ),  which  was  maintained  for  the  first 
30  minutes  of  exposure.  This  iaprovemant,  although  definite,  eaa  small,  the  largest 
decrease  in  average  gap  alae  for  any  group  being  0,5  m.m.  (Group  B),  and  in  actual  gap 
alas  for  any  individual  1.3  sun.  (Group  k).  In  both  Groups  1  and  0,  tha  maximum  iaprove- 
mant  in  performance  was  raaohed  at  the  30  minute  level,  and*  thereafter  performanoe  began 
to  deteriorate.  2h  Group  B,  the  maximum  iaprovemant  wea  raaohed  after  20  adnutee  expo¬ 
sure,  and  again  deterioration  appeared  after  30  minutes.  Group  0  raaohed  a  fairly  con¬ 
sistent  level  of  performance  after  50  minutea,  hut  a  aeoond  slight  iaprovemant  occurred 
during  the  lest  10  minutea  of  tha  exposure  period. 

Tha  abrupt  change  in  performanoe  shewn  by  all  tha  average  curves  after  the  30-fcO 
minute  level  appears  to  oorre spend  with  the  tine  at  which  tha  refrigerating  plant  and 
tha  eleotrio  fan  were  tamed  on  acaln  in  order  to  reduce  the  teanerature  in  the  chamber. 

The  change  in 

perfbramnoe  seen  In  Croup  A  corresponds  with  the  end  of  their  exposure  to  the  oold  condi¬ 
tions  and  their  return  to  room  temperature. 

All  three  group  average  curves  demonstrate  tha  tendency  to  return  to  their  original 
levels  of  taotile  oeaaltivity  on  terminating  their  periods  of  exposure.  TsatLng  was 
continued  for  30  minutes,  or  longer,  with  each  individual  after  leaving  tha  oold  ohamber. 

Tables  IF,  T,  VI (a)  and  VX(b)  set  out  tho  relevant  statistical  data  for  this  aaotion 
of  the  report.  There  are  oignifloant  dlfferenoea  between  groups,  between  temperatures, 
and  between  aubjeots  within  groups,  hut  whereas  tha  improvement  between  p  re -expo  aura  and 
terminal  exposure  readings  was  definitely  significant ,  the  ehange  in  performanoe  between 
terminal  exposure  and  final  post-exposure  readings  (Illustrated  in  figs.  5  and.  6)  waa 
found  to  bo  non-elgniflnant. 


Sub  .loots*  Qoaaiantsi  10  of  fee  16  etibjeots  performing  the  taotile  sensitivity  test 

nm—ntH  im  r  ltn — of  increased  sharpness  or  better  deCtaitioE  of  the  points  of 
the  nerapex  divider#  in  the  oold.  this  sensation  ooaawnoed  fairly  soon  (approx.  20  nin.  ) 
after  entering  the  chamber,  and  appeared  to  fade  gradually  after  KO  minutes  exposure. 


2  subjeots  in  Group  0  hod  mm  difficulty,  after  60  minutes  exposure,  in  differen¬ 
tiating  the  too  divider  points  even  at  their  marlmne  separation.  Thie  difficulty  *m 
aaaoolated  with  a  subjective  sensation  of  pain,  a»tr—a  oold,  ana  bomb  stiffness  of  the 
fingers  following  tbs  aaoond  exposure  to  the  fan  and  refrigerating  plant.  Both  subjects 
at  tola  tine,  had  a  akin  teaperatura  of  4*4. 5°0.,  the  lowest  akin  temperature  recorded 
for  My  individual  during  this  experiasnt.  Within  about  10  adLnutea,  however,  a  phase  of 
vaso-dilatation  ooourred,  and  the  ability  te  distinguish  the  points  returned  (  Blalsdell 
1951). 

Taotils  Sensitivity  sod  Skin  Temperature? 

Qroup  average  ourvsa  from  akin  teaperatura  readings  were  plotted  together  (Fig. 7 ), 
and  alee  with  group  average  curves  for  taotils  sensitivity,  on  the  kaaa  tiae  seals.  Tn 
both  Groups  B  and  0  a  lag  was  present  between  the  lowest  point  reached  in  taotils  senel- 
tivity  performance  and  that  re  ashed  by  skin  tenperature  (i.e.  toe  lowest  tactile  sensi¬ 
tivity  reading  was  reoorded  before  the  lowest  akin  tenperature  reading)  In  (ktmp  A  this 
phenosMBon  was  reversed.  The  sane  relations  between  ourrea  for  all  groups  was  aaintsined 
after  the  termination  of  exposure. 

Skin  tempera tote  oorrelated  direotly  with  length  of. oold  exposure.  Hie  lowest  points 
reached  on  the  group  average  curves  were  10.S,  9.0  and  6.2°  C.  for  Groups  A,  B  and  0 
respectively. 

nv4»  tenperature  returned  to  pre-exposure  levels  no  re  nearly  than  tactile  sensitivity 
after  terminating  the  exposure  period  in  the  oold  ohaaber. 

Table  A.  Average  initial  and  Final  Skin  Tsnparatura  Headings. 


Qroup 

Original  Are -Exposure  level 

Level  40  minutes  after  terminating  exposure 

mm 

31°0 

31°0 

32°0 

31°o 

32.5°o 

29° 0 

Oorralationa  between  sets  of  readings  of  tactile  sensitivity  and  akin  temperature  ftron 
the  records  of  the  18  subjeota  were  carried  out.  It  was  shown  that  there  was  at 
correlations  almost  significant  at  tbs  5J<  level,  lUustveti^j  that  improved  performs 
oa  the  two-point  dlsorialaatlon  teat  mss  assoalated  with  a  fall  in  akin  taaqpenttuiw. 


taps fine nt  2  -  Results, 

Group  average  curves  from  tbs  absolute  and  relative  figures  were  drawn,  (figs.  8% 9). 
Zn  both  Groups  A  and  0  the  longest  deviation  froa  the  'pre-exposure*  level  wee  a  differ¬ 
ence  of  0.2  ■.  In  both  oaeea  this  difference  represented  an  Improvement  in  perforeanoe 
and  waa  reoorded  for  the  aaoond  reading,  i.e,  the  first  ' exposure '  reading.  The  group 
average  ousrvee  anew  a  relative  oonaiatenoy  in  taotils  sensitivity  performance  level, 
wtUoh,  in  the  oaae  of  Group  A  is  aaintsined  for  50  minutes,  and  in  the  ease  of  tkoup  0 
for  100  alnutaa. 

The  improvement  per  eubjeot  over  the  period  of  testing  only  average  0,07  ■■«  *  » 
non-el grd fioant  change.  There  wee,  however,  a  very  definite  improvement  in  the  initial 
reading  of  this  new  trial  compared  with  the  initial  reading  of  the  previous  trial  o ended 
out  soma  tins  before.  Thie  Improvement  averaged  0,23  “**•  per  subject,  whioh  waa  highly 
significant  (about  the  0.5£  level). 

Similar  graphs  were  dimm  for  the  third  group  of  eubjeots  (Group  D)  who  had  not  previously 
bean  tested  in  the  oold.  The  group  average  curves  show  a  definite  bend  towards  improved 
performance  on  the  two-point  discrimination  test.  (See  figs.  10  and  11).  The  gradual 
deorsaaa  in  divider  gmp  else  was  not  aoooapuiled  by  any  significant  tendency  to  return  to 
the  initial,  or  ae  called  •pre-exposure'  level,  gap -else.  The  largest  decrease  in  av«w* 
gap  siae  of  0.30  am.  waa  reoorded  at  toe  end  of  40  minutes  'exposure'.  This  represents 
a  depress*  from  2.37  v*.  to  2.07  mr».,  a  significant  change  at  about  the  %  level. 
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A  degree  of  similarity  ni  notions  between  the  first  portions  of  Group  D's  average 
curve  and  tboss  for  droops  A  and  0.  After  ths  initial  reading  had  bean  reoorded  for  1 

both  groups,  a  relatively  rapid  rate  of  layroremaut  in  taotile  aemitivity  oecorred  ] 

within  the  first  10  elm  tea.  This  rapid  decrement  in^p-eise  was  then  followed  by  a 
further  10  adants  period  of  awry  slight  or  no -imp rove  want,  and  finally  by  a  farther 
10  sdnate  period  of  relatively  rapid  laprovwaeut  again.  (Table  B), 


Table  B.  Comparison  of  Average  Taotile  Sensitivity  level?  for  QV-oup*  A  «zd  0  tobject 
to  oold  expenr-w,  and  (troop  D  at  Boon  Tssperature  dutit*  the  first  30  Minutes 
of  tea  tii*. 


froup 

initial 

Beading 

Laval 

after 

10  adns. 

After 

20  nine. 

After 

30  mins. 

Initial 

Beading 

Kate  of  Decrease  1 

10  mins. 

20  mins. 

30  mins. 

X> 

sxp.n 

n 

■ 

H 

2.16  an 

0 

0.11 

0.01 

0.11 

0 

Bxp.X 

D 

n 

m 

1.73  m 

0 

0.11 

0.04 

0.14 

A 

Bxp.X 

n 

D 

a 

1.90  am 

0 

0.14 

0.04 

0.14 

Tbs  individual  curves  of  droop  D  show  a  a  one what  varied  response  to  the  aeoond 
experiment  (fig.  12).  3  of  the  12  eubjeota  show  af  airly  narked  inprovenent  throughout 
the  testing  period,  the  deorawant  in  gap -alas  at  tha  and  of  the  taatlng  period  differing 
tram  the  initial  level  by  as  nuoh  aa  0.6  to  1*33  "*«  2  of  the  subjeota  show  an  lap  aired 
level  of  perfbrnauoe  which  inoraasea  during  tha  tasting  period,  the  final  levels  differ* 
lag  by  0,6  to  0.3  aa.  ftea  tha  initial  lev* la,  while  tha  remaining  3  subjects  maintain 
a  fairly  level  perfomanoe,  tending  towards  a  small  daoraaaa  in  requisite  gap-eiaa. 

3.  IPTinant  3  »  Beaolta.  Tactile  Sensitivity. 

Although  all  6  sub jeeta  in  Group  0  bad  already  been  tested  for  a  period  of  60  adentee 
at  rooa  temperature  on  tha  Dividera  Teat,  tbs  group  average  curve  (Be#  figures  13  and  14) 
•boned  a  further  Iaprovwnent  in  perfbmanoa  for  the  first  40-50  minutes  of  the  third 
experiment.  This  inpiovaannt  waa  a  deoraauae  in  gap -a  la*  of  0.46  mm.  (Pro*  203  to  1.37  ns 
•  a  ohange  significant  at  tha  JfL  level).  At  the  and  of  tha  exposure  period  of  30  admass, 
the  final  average  recording  waa  1.33  which  oanaot  be  regarded  aa  e  aignifloant  ohange 
in  perfomanoe  level  firm  that  reaohad  after  40-90  minute  a  tasting  at  non  teaperatura. 
Thera  were  fluetuatione  in  perfomanoe  during  the  oold  exposure,  tout  tha  longest  of  these 
flnotuattow  does  net  anoaad  a  ohange  in  perfbmanoe  level  of  note  than  0.06  am. 

Xt  nay  be  of  interest  to  note  that  tha  group  average  curve  in  this  experiment  ex¬ 
hibits  the  earn  phenomenon  as  that  to  whioh  attention  waa  drawn  in  the  data  suamarlsed 
in  Table  1. 

Tables  TO,  TXXX  and  XX  set  out  the  relevant  atatiatioal  data  for  this  section  of 
tha  report.  Analysis  of  varlanoa  oarriad  out  on  data  tram  teoups  D  and  0  whioh  wars  oom- 
bined  in  a  balaneed  arrangement,  showed  that  there  ware  only  tan  aignifloant  terns  in 
Wt  analysis  -  the  'between  subjeots  within  groups'  tern  and  ths  'between  learning  and 
no  laandi*'  term.  The  sJgniMoanoe  of  the  learning  factor' in  thia  analysis  nakee  it 
probable  that  siidlar  inprovenent  In  the  earlier  experiments  waa  also  influenced  by  thia 
f so tor. 

Experiment  3.  lb  suits.  Manual  Dexterity 

The  curve  plotted  for  Group  D  from  the  averages  of  individual  perfbmanoe  on  the 
Bag  Teat  showed  an  improvement  in  perfbmanoe  throughout  tha  first  50  mtnutea  of  the 
experlmeat.  (See  figures  15  and  16)  .  tha  average  initial  reading  of  31.2  aeoond a,  may 
be  compared  with  the  30  minute  reading  of  28.1  aeoonda,  an  average  improvement  of  3.1 
seooMa,  This  la  aignifloant  at  the  Sjt  level,  firing  the  second  part  of  the  experiment, 
when  readings  ears  taken  at  10  minute  intervals  (of,  Kxperiment  1 )  a  oonstant  deteriora¬ 
tion  in  performance  waa  reoorded.  The  largest  average  time  taken  to  perform  the  teat 


i 

i 


31.2  seconds  -  was  recorded,  after  30  minutes  exposure.  This  was  a  deterioration  sig¬ 
nificant  at  about  the  35»  level. 

y T 

—  3oncluaionb 

Three  main  oonolusions,  each  of  general  and  practical  importance,  are  to  be  drawn 
from  these  experiments.  They  are 

1.  exposure  to  temperatures  of  -10°0  to  -15°C,  without  air  movement  for  periods  of 
half  an  hour  and  upwards  Interferes  with  manual  dexterity.  Skill  of  this  kind  begins 
to  take  longer  to  carry  out  very  soon  (ten  minutes  or  so)  after  initial  exposure.  The 
effects  tend  to  inorease  fairly  rapidly  at  firat  but  after  the  first  half-hour  or  so, 
more  slowly.  On  return  to  no real  room  temperature  re oo very  is  rapid  but  not  isnediate. 
Although  it  is  true  that  in  general  the  lower  the  akin  temperature  the  more  manual  dex¬ 
terity  performance  ia  hindered  (Miller  1541*).  the  one  oantttit  be  used  as  s  direct  index  of 
tha  other. 

2.  The  performance  of  tasks  involving  tactile  sensitivity  (ss  measured  by  the  two- 
point  discrimination  technique )  unlike  that  of  tasks  involving  manual  dexterity,  appears 
to  be  relatively  unaffected  by  mild  low  temperatures  (-10°c  to  -15°C),  in  tha  absenoe  of 
wind.  The  improvement  reoorded  after  auooesaive  applications  of  the  two -point  discrimina¬ 
tion  teat,  did’  not  appear  to  be  retarded,  or  in  any  other  way  impaired  by  the  oold  expo- 

.  sure.  " 

3.  Rapid  ohange  to  a  lower  temperature ,  within  the  limits  indicated,  especially  when 
it  ia  aooompanled  by  air  disturbance,  are  espeoially  likely  to  produce  deterioration,  or 
further  deterioration,  both  of  manual  dexterity  and  of  taotile  sensitivity. 

VII.  Diaousalon 

e  «  n 

1.  While  it  is  clearly  demonstrated  that  exposure  to  odd  at  a  level  of  -10  c  to  -15°c 
in  r.tlll  air,  and  with  only  tha  wording  hand  unprotected,  hinders  manual  dexterity,  the 
expanmanta  oy  themselves  do  not  indioate  olearly  what  precise  mechanisms  are  involved. 
They  do  suggest  that  it  is  unlikely  that  the  fall-off  is  ohlefly  due  to  diminished  tao¬ 
tile  sensitivity,  but  even  this  is  not  quite  clear.  The  most  definite  positive  indica¬ 
tion  is  that  the  principal  loss  la  direotly  due  to  the  relative  functional  ineffiolenoy 
of  the  thumb  under  these  conditions.  However  if  the  two-point  discrimination  test  had 
been  applied  to  the  thumb  instead  of  the  index  finger,  the  results  might  have  been  differ¬ 
ent.  But  et  tha  same  time  the  Ukcuh««J0f  a  ohange  of  results  occurring  would  not  seam 
to  be  very  great,  for  Frans  and  1’JLlduff,'  showed  that  localised  training  in  tsotila  dis¬ 
crimination  gave  rise  to  widespread  improvement  in  other  parts  of  the  body  which  had  not 
previously  been  trained,  and  this  finding  would  seem  to  be  partly  borne  out  by  the  im¬ 
proved  level  of  initial  performance  in  taotile  discrimination  as  comparing  the  initial 
reading  of  Groups  A  and  0  in  Experiment  1  with  those  in  Experiment  2. 

Another  possibility  also  requires  further  exploration.  The  disability  might  bs  due  to 
some  failure  to  use  the  Information  whioh  normally  Leila  an  operator  about  the  amount, 
speeA  and  direction  of  his  movement*.  There  are  forma  of  manual  control,  many  of  which 
ooour  in  flying,  whioh  do  not  involve  differential  finger  dexterity,  but  which  do  require 
accurate  movement.  If  these  turned  out  to  be  similarly  affected  under  the  same  condi tier* 
tha  oase  for  aoma  breakdown  of  tdnaaathetio  'feed  baok'  would  be  greatly  strengthened. 

There  is  a  third  possibility  and  this  seems  the  moat  likely  one.  It  may  well  be 
that  whenever  accurate  movements  have  to  be  made  by  two  or  more  members  of  the  body 
working  together,  if  their  normal  relative  functional  efficiency  is  disturbed,  the 
aocuraoy  of  movement  suffers  in  a  marked  way.  In  thia  special  oase  the  thumb  suffers, 
but  the  index  finger  remains  perhaps  little  af footed.  It  would  not  be  difficult  to 
devise  other  experiments  setting  up  different  types  of  change  in  the  relative  funetioral 
effioienoy  of  simultaneously  working  parts  of  the  body.  Such  experiments  are  vory  much 
needed  both  for  theoretiosl  and  for  practical  reasons, 

Meanwhile  it  is  certainly  a  gain  to  have  been  able  to  demonstrate  that  manual 
dexterity  suffers  under  even  these,  not  very  severe,  low-temperature  conditions,  but  that 
loaa  ia  not  likely  to  be  very  great  unless  exposure  is  fairly  long  continued. 
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2.  fij  far  the  Boat  Intereating  of  the  reaulta  of  the  experiments,  however,  la  that 
whloh  shows  that  tnotile  sensitivity  nay  improve,  or  oontinue  to  lap  rove,  within  Unite, 
in  apite  of  the  loaa  of  dexterity.  It  ia  true  that  atatiatioal  analyaia  appears  to  show 
that  the  improvement  oannot  he  direotly  attributed  to  the  oold,  hut  it  oaimot  he  oontes- 
ted  Mat  it  takes  place  and  therefore  shat  there  ia  nothing  within  the  Units  of  the 
tinea  and  temperatures  oonoermA^A  these  experiments  whloh  stop  it,  although  it  has 
already  heeu  shown  by  lfaoknortyana  others  that  longer  exposures  or  nose  severe  oold 
conditions  certainly  do  atop  it. 

Onoe  again,  however,  when  we  oeaas  to  consider  possible  underlying  m»ohanism  it 
heoonse  olear  that  the  as  experiments  have  opened  up  probleee  that  nust  he  attacked  by 
different  methods. 

One  possibility  is  that  local  physiological  oooditicas  asks  t so tile  disorimination 
somewhat  easier.  For  this  there  ia  not  much  evidence  esoept  the  reports  by  the  sub,1eots 
that  the  point  stimulations  seemed  to  bo  wore  sharply  defined  in  the  oold.  It  is,  how¬ 
ever,  possible  that  a  temporary  increase  of  the  difference  between  skin  temperature  end 
the  temperature  of  the  Divider  points  might  have  this  effect  end  this  would  bo  consistent 
with  the  relatively  short  duration  of  the  improvement.  This  hypothesis  oould  ho  tested, 
hut  mould  demand  a  special  instrument  after  the  e  tyle  often  used  to  explore  teeperature 
aanaationa,  m  any  oaae  It  does  seen  important  to  settle  this  natter  sinoe  it  is  poadUks 
that  normal  temperature  effeots  oould  ho  oheoked,  or  reversed,  by  controlling  the  tem¬ 
perature  of  working  tools. 

A  seooad  possibility  is  that  exposure  to  the  oola  produoed  an  unwitting  lwrease 
of  effort  end  that  tbs  improvement  was  the  direct  result  of  this.  Suoh  an  explanation 
mould  alee  he  consistent  with  e  rapid  return  to  pre-exposure  levels  of  performance  on 
the  termination  of  exposure  in  the  oold  ohsnber.  The  improvement,  that  ia  to  say,  oould 
ho  specific  to  particular  environmental  conditions. 

the  principal  difficulty  in  this  hypothesis  is  that  if  the  improvement  was  dua  to 
increased  effort  -  "stronger  motivation”  -  a  similar  Improvement  night  well  have  been 
expected  to  take  place  fbr  teaks  requiring  voluntary  movement,  it  is  true  that  in  many 
instances,  performaiwa  of  the  dexterity  tasks  was  oonparatively  little  effected  by  the 
oold  exposure  and  it  ia  possible  that  in  these  oases  there  was  eons  influence  of  inersaaed 
effort  working  against  the  normal  deterioration  affect.  A  further  experiment  involving 
eoourate  voluntary  movement  hut  without  those  forme  of  dexterity  involving  the  thumb 
might  be  performed.  If,  then,  a  similar  improvement  occurred  the  ease  for  unwitting 
Increase  of  effort  mould  he  strengthened. 

This  aaootid  possibility  leads  to,  and,  in  feet  partially  overlaps,  a  third  -  that, 
either  stimulated  by  the  oold  (stress )  conditions ,  or  continuing  a  process  started  hut 
not  ocapleted  during  the  pre -expo sure  period,  there  was  some  genuine  learning  proosaa  aa 
a  result  of  whloh  characteristics  belonging  to  the  two -point  disorimination  stimulation 
hut  net  at  first  utilised  by  the  subjeot,  baoama  effective.  The  tendency  to  return  to 
pre -expo  sure  levels  of  performance  on  leaving  ths  oold  chamber  mould  not  bo  an  obataols 
here  sinoe  whatever  has  been  gained  by  learning  nay  be  thrown  out  for  a  while  by  any 
marked  change  of  environmental  conditions,  there  la  little  doubt  that  a  proosaa  of 
perceptual  learning  does  in  fact  take  place,  and  that  it  differs  in  acme  ways  from  the 
more  nnmsnulj  studied  motor  learning.  But  bo  far  all  attempts  made  in  similar  oaaaa  to 
identify,  or  even  to  desmnstrate  the  ooourrenoe  of  oust,  whloh  at  first  pass  unnoticed, 
but  later  ere  used  to  Increase  efficiency  (  e.g.  Maokworth  1952)  have  been  unsuccess¬ 
ful.  tet  the  fact  that  considerable  individual  anl  group  differs nose  occurred  in  all 
the  performances  required  by  these  experiments  must  be  interpreted  to  seen  that  there 
were  a  number  of  different  cues  operating  ia  the  stimulation  ® nditions  and  that  these 
mere  being  need  differently,  or  different  ones  were  being  used,  on  different  occasions. 
These  ere  Me  general  conditions  under  which  both  ’improvement’  and  'learning'  can  take 
plane.  But  there  is  at  present  no  psyche  logical  understanding  of  how,  or  by  what  waoh- 
aaisam,  these  oendltione  operate  in  the  oaae  of  perception.  Br  demonstrating  that 
improvement  dose  take  piece  at  threshold  level  in  two-point  tactile  discrimination  - 
whether  or  not  as  a  result  of  exposure  to  stress  conditions  -  these  experiments  raise  In 
aa  scute  fbm  the  whole  problem  of  perceptual  learning,  with  its  vitally  important  theor¬ 
etical  end  practical  Implications. 

3.  The  deterioration  whloh  quickly  followed  ohange  from  a  low  to  a  perceptibly  lower 
temperature,  eecoapanied  by  sir  disturbance,  requires  some  fbrw  of  explanation.  It  ia 
possible  that  the  cutaneous  reoeptora  involved  in  the  performance  of  two-point  diaorimlja- 
tlon  function  normally  up  to  a  certain  critical  point,  after  which  tone  of  the  reicvent 
reoeptorc  os ass  to  funotion,  and  this  ia  aeoempanled  by  an  immediate  deterioration  in 
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perl'ormanoe.  the  actual  mechanism  leading  to  failure  of  normal  function  on  the  part  of 
the  sense  organa ,  might  he  due  to  a  form  of  'summation  effect',  the  sudden  change  in 
environmental  conditions  acting  as  a  stimulus  for  the  produotion  of  an  agent  or  agents 
wtiioh  gradually  increase  in  concentration  until  the  local  receptors  are  prevented  from 
playing  their  normal  role. 


It  should,  however,  be  noted  that  the  group  average  curves  plotted  fro.o  individual 
•kin  temperature  readings  in  the  first  experiment  did  not  show  any  significant  ohango 
after  the  30-40  minute  cold  exposure  period,  although  of  the  Individual  curves  do 
show  a  further  drop  in  akin  temperature.  Xt  might  have  been  supposed  that  any  change  in 
performance  level  on  the  tactile  sensitivity  test,  if  due  to  the  sudden  change  in  oold 
conditions,  would  have  been  reflected  by  the  akin  temperature  readings,  but  the  varia¬ 
tion  between  subjects  may  account  for  a  failure  on  the  part  of  the  group  average  curves 
to  show  this.  The  result*  here  again  emphasise  the  importance  for  human  behaviour  of 
sudden  change  in  environmental  conditions.  Xt  is  in  fact  rapid  change,  rather  than  abso¬ 
lute  level,  of  stress  that  is  significant. 

Modem  flying  produces  a  large  number  ef  situations  in  which  rapid  change  in 
environmental  conditions  at  high  stress  is  a  prominent  oharaoter.  Unfortunately  behaviour 
adaptations  which  swiftly  follow  o hangs  of  this  kind  am  apt  to  remain  unnoticed  at  the 
time,  and  to  pass  without  oomment  later.  Xt  seems  not  too  muoh  to  say  that  they  never 
will  be  either  properly  appreciated  or  understood,  unless  they  are  made  a  subject  of 
apeoiflo  and  plumed  experimental  attack. 
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Selection  of  the  Tests 


TA3L8  IA 

Correlations  batman  4  Manual  Dexterity  taata  oowpleted  by  20  sublets 
at  Boon  Psaperature.  (Figures  in  bracks tc  giae  leaal  of  signifies?**  of 
association.  ) 


TTnscrawing 

ltata 


BorenaSriaer 

(unscrewing) 


Borewdriaer 
(Screwing  up) 


Unsorewing  B»g 
ltito 


0.33 

(0.1) 


0.J0 

(0.01) 


0.35 

(0.08) 


0.68 

(0.001) 


SdMrdriawr  j  Borewdriaer 
(Unscrewing)  (Screwing  up) 


0.33 

(0.1) 


0.35, 

(0.08) 


0.31 

(not  ii|.  at 

0.1) 


0.50 

(0.01) 


0.68 

(0.001) 


0.31 

(not  sig.  at 
0.1) 


Oorralatloas  between 
80  subjects  at  Boon  1 
level  of  al^adLfloann 


twm  ifb) 

3  Taotila  Sensitivity  testa  completed  by 
*apsr  aturs,  (figures  in  braokata  giaa 
>  of  assooiation.  ) 


Pointers  Bole 


0.61 

(0.001) 


Pointers 

0.61 

(0.001) 

Bola 

0.43 

(0.05) 

0.55 

(0.01) 


Deriaed  figures  Aron  the  actual  results  are  presented  in  the  following  tables. 

Since  the  average  tines  (la  secs. )  to  perfbre  the  Unscrewing  note.  Bag,  Screwdriver 
(unscrewing)  end  Borwwdriaer  (sorewing  up)  tests  under  rooa-tsspemturs  conditions  were 
spprojdastely  inaereely  proper tlcnsl  to  3*.  7,  2  and  1 ,  these  factors  were  used  to  asilti 
ply  tines  ©f  perfbmsnoee  and  so  asks  the  tests  oenp arable  with  each  other.  This  wse 
w*cessery  In  order  to  apply  the  analysis  of  variance  technique  subsequently  osrried  out. 


Test 


Te^Ss^ 

1 

2 

3 

D 

n 

fl 

UnKorrwing 

Roo® 

187 

231 

193 

264 

m 

264 

mm 

wut* 

M 

MM 

.. — ~~  — 

Gold 

ESI 

214 

**31 

com 

P»g 

Soon 

196 

224 

287 

238 

189 

217 

1351 

Gold 

210 

210 

231 

224 

210 

sa 

1288 

Screwdriver 

Soon 

152 

240 

202 

230 

182 

280 

1286 

(unsorewing) 

Cold 

180 

280 

192 

146 

220 

314 

1332 

Screwdriver 

Room 

160 

190 

192 

248 

146 

210 

1146 

(serewing  up) 

Cold 

159 

235 

231 

234 

165 

204 

1228 

lbtsl 

Room 

695 

885 

874 

980 

704 

971 

5109 

Gold 

780 

1016 

929 

818 

925 

a 

5497 

.  i 

Unscrewing  i  Roo« 
ftita  Oold 


13 

IV 

269 

15* 

352 

182 

17  18  Total 


203  1390 


308  599  2216 


Screwdriver  Room 
(unscrewing )  Co 


Screwdriver  I  Room 
(screwing  up) 


Tbtal 


Boon  112V  657 

Oold  151.,  796 


7V3 

5*79 

1985 

8060 

The  variables  which  may  affect  the  recorded  tinea  are 

(1  The  teat  perforated 

(2  The  temperature 

(3)  The  period  for  which  the  subject  experienced  the  oold  temperature 
(V)  The  subject  hinself 

and  these  variables  and  aaaodated  Interactions  between  then  hare  been  Investi¬ 
gated  by  a  conventional  analysis  of  variance  technique.  Fran  this  analysis  the 
following  t*ble  was  constructed. 

TABU!  Ill 

Analysis  of  Variance  of  data  on  Manual  Dexterity  tests  sunearised  In  Table*  H(a), 
(b)  and  (o). 


Source  of  Variation 


Between  Croups  (o) 

Between  Tests  (X) 

Between  Tewperaturee  (t) 
Interaction  (0  x  X) 
Interaction  (0  x  T) 
Zateraction  (X  x  T) 
Residual  Error  (1 ) 


Between  Subjects  within  (broupe  (S ) 
Interaction  (X  x  S) 

Interaction  (f  x  S) 

Residual  Error  (2) 


TOTAL 


x  Slgnifloant  at  5jC  level 
xx  Significant  at  1 ft  level 
xx  Significant  at  0.15  level 


Sum  of  Squares 


9**06 

V6366 

20778V 

17000 

18601 

*8125 

12987 


The  analysis  la  slightly  ooaplloated  by  the  fact  that  each  subject  performed  the  texts 
for  only  orv>  of  the  three  different  exposure  periods.  Bence  It  ie  not  possible  to  obirln 

an  overall  slornifiosnce  test  between  euojeots  but  only  on  subjeoto  within  groups.  This 
ale->  affects  th»  interaction*  which  Include  subjects  as  a  variable. 


It  msy  be  seen  that  the  following  differerioen  were  significent;- 

(1)  Between  Tests  (K)  (55  level) 

(2)  Between  Temperature*  (T)  (O.ljC  level) 

(3)  Between  Groups  (©)  (15  level) 

(A.)  Between  Subjeots  within  Group*  (s)  (0.t5  level) 

Also  the  following  interaction*  showed  significant  differences  *- 

(3)  ox  f  <15; 

(6)  Ext  (55) 

(7)  TxS  (0.15) 

The  first  four  sources  of  variation  asy  be  expressed  as  follows! 

(l)  Perforaanoes  varied  froa  teat  to  test. 

(il)  Perforaanoes  wars  slower  in  the  cold  than  at  rooa  temperature. 

lii)  Perforaanoes  of  Groups  i,  B,  and  0  differed  slgnifiesntly. 

(iv)  perforaanoes  of- sons  subjects  were  faster  than  others  within  a  group. 

The  interaotlons  significant  say  be  stated  thus ! 

(v)  Perforaanoes  deteriorated  aa  the  exposure  period  inoreawed. 

(vi  Perforaanoes  deteriorated  bo  re  on  eoae  teste  than  on  others  in  the  oold. 

(vil)  forforaenoes  of  eowe  subjects  within  a  group  deteriorated  aore  than 
those  of  other  subjects, 

Br  the  aethod  used  to  equate  the  tiaee  of  testa  at  rooa  temperature,  the 
result (1)  shews,  in  effect,  that  perforaanoes  vary  froa  test  to  test  in  the  oold. 
This  is  emphasised  by  (vi). 

Oonolualon(  ii)  -  that  oold  conditions  have  a  deleterious  effect  on  testa  of 
— — dexterity  la  substantiated  by  (v)  which  shows  that  this  effect  Increases 
aa  length  of  exposure  increases, 

Oonolualons(iil)  end  (lv)nhow  how  differently  these  tests  are  performed  when 
attempted  by  a  nuaber  of  subjects.  The  group  resulle  varied  (due  obviously  in  part 
to  the  effects  of  different  periods  nf  oold  exposure  ;  but  in  view  of  the  differences 
between  'subjeots  within  groups'  (iv)  one  suspwots  an  additional  variation  due  to 
'subjeots  between  groups'.  This  subject  variation  is  further  shown  in  their 
different  reset  ions  to  the  oold  oondltions  ( vii). 


TA3IE  IV 


Discrimination  gap  sise  (In  mou.  }  for  Groups  A,  B  and  C  reoorded  for  the  Tactile 
Sensitivity  test  at  Room  Temperature  (prior  to  ontering  the  cold  chamber),  at  the  end  of 
period  of  exposure  to  oold  and  finally  Boom  Temperature  when  the  subjects  had  'returned 
to  normal’  a*  indicated  by  skin  temperature. 


Oold 


Room  2 


■^.Subject 

Tamp* 


Room  1 


Oold 


Room  2 


Room  1 


Oold 


Total 


35 


1.45 

1.60 

2.20 

1.60 

| 

1.40 

2.30 

,0 

11 

12 

2.05 

1.70 

2.40 

1.45 

1.80 

2.05 

1.65 

1.80 

2.10 

16 

17 

18 

2.15 

2.30 

2.50 

2.40 

2.20 

2.55 

2.15 

2.00 

2.25 

6.05 

6.65 

7.60 

5.30 

5.60 

6.80 

An  analysis  of  variance  teohnique  was  applied  to  this  data,  from  this  analysis 
Table  V  was  formulated. 

TABLE  V 

Analysis  of  Variance  of  data  on  Tactile  Sensitivity  tests  oi  18  aubjeota  at 
Room  Tsspsraturs  and  under  Oold  oonditione  shown  in  Table  IV. 


Bouroa  of 

Variation 

Sum  of 
Squares 

d.f. 

Ms  an  Square 

F 

Between 

Oroupe  (q) 

0.3462 

2 

0.1731 

9.62* 

Between 

Tswperatursa (  f) 

0.6151 

2 

0.3075 

17.08* 

Residual 

Srror  (i) 

0.0719 

4 

0.01P0 

Between  Subjects 
Within  Croupe  (s) 

4.4569 

15 

0.2971 

yrrjc 

16.51 

Residual 

Snror  ( 2) 

1.5*.  14 

0.05U 

Total 

7.0315 

53 

t  JV  •—  i  fi  csr.t  at  V*  level.  m  Sic7»ificert  at  0. 1'"  level 


This  table  shows  stgni.fi.oant  differences 

(A  )  Between  Groups  (g)  (5 #  level ) 

(2)  Between  Temperatures  (f  )  (^g  level) 

(3)  Between  Subjects  within  Groups  (s)  (0.1£  level). 

Here  it  should  be  rotioed  that  (i )  showed  Group  A  to  be  less  sensitive  then  Groups  B 
or  0.  Group  B  was  the  most  sensitive  of  the  three  groups.  Also  that  the  subjeots  required 
a  smaller  gap  slse  for  two  point  discrimination  during  erpoaurw  tc  ths  colder  tempera¬ 
ture,  than  during  either  the  pre-  or  post-exposure  periods. 

The  subjeots  themselves  varied  very  significantly  within  a  group  and  this  unfortunately 
would  tend  to  invalidate  any  judgment  on  group  effects  dua  to  length  of  exposure. 

The  improvement  in  the  cold  being  the  most  Interesting  factor,  the  data  waa  sub¬ 
analysed  into  two  further  sections  considering 

(a)  only  pre-exposure  end  terminal  exposure  readings,  and 

(b)  only  terminal  post-exposure,  and  terminal  exposure  readings. 

Bars  the  results  showed  significant  improvement  level)  in  (a),  aae  Table  Vl(a),  but  a 
mon-aignifloant  improvement  in  (b),  see  Table  Vl(b). 

TABL8  VI  (*)  | 

inalywis  of  Varianoe  of  part  of  the  data  shown  in  Table  IV  concerned  with  pre-expoeure  I 
period  end  cold  ohamber  results,  j 


Sum  of 
Squares 


Source  of 
Variation 


Bs tween 

Ckoupa(a) 

Between 

Temperatures  (f) 

Beeidual 
Irror  ((i) 


s  Signifioent  at  level 
xx  Signifioent  at  level 

IAMB  VI( 

inalyeia  of  Vhrianoe  of  part  of  the  data  shown"! 
period  and  oold  chamber  reeulta. 


Table  IV  oonoemed  with  poet-expo aure 


Tactile  Sens! ti vi 


There  were  112  eats  of  reeding  of  tactile  sensitivity  and  akin  temperature  from  tn* 
records  of  the  18  subjects.  The  number  of  readings  per  subject  varied  from  A  on  sods 
subjects  in  Group  A  to  9  on  others  in  Group  0.  A  correlation  between  these  two  measured 
quantities  resulted  in  a  value  of  0.21  for  the  correlation  ooeffioient  which  was  signifi¬ 
cant  at  the  %  level,  showing  that  oold  conditions  tended  to  produce  increased  sensitivity. 

An  attempt  to  eliminate  a  certain  amount  of  the  heterogeneity  of  this  data  by  reduobs 
the  number  of  readings  per  subject  to  3»  the  initial  teat  reading,  the  reading  after  30 
mins,  exposure,  end  the  final  test  reading  after  leaving  the  oold  chamber,  resulted  in  a 
ooeffioient  of  0.29,  again  significant  at  the  %  level. 

In  an  effort  to  avoid  any  poaaibla  'learning'  factor,  the  reading  after  30  mins, 
exposure  and  the  final  test  reading  were  need,  giving  a  ooeffioient  of  0,31 .  nearly  sig¬ 
nificant  at  the  9#  level. 


rieent  3.  -  Tactile  Senaitivi 


Jbr  this  analysis  of  the  results  of  Group  0  wars  combined  with  corresponding  values 
of  Qroup  0  to  form  the  balanoed  arrangement  shown  in  Table  VII*  This  gives  the  results 
for  Group  D  using t  : 

(a)  The  first  five’ readings  at  room  temperature,  including  a  possible 
'learning  factor*. 

(b)  The  final  pre -expo sure  reading  and  the  first  four  exposure  readings,  thus 
exoluding  any  'learning  factor'. 


Group  0  has  the  contrasting  arrangement  oft 

•  (a)  The  pre -exposure  reading  and  four  subssquent  exposure  readings,  dmiiiwung 
a  possible  'learning  factor' . 

(b)  The  five  consecutive  room  temperature  readings  following  a  30  minute  test 
period,  thus  excluding  any  'learning  factor' . 

TABUS  VII 

Tactile  Sensitivity  (in  mas*  )  of  Groups  0  and  0  for  two  AO  minute  periods  under  varying 
conditions.  -< 


Oold  (with  learning) 


Room  Taaperaturw  (without  lesmfeg) 


Group  Subject 


A  reduction  of  Table  VII  to  relative  values,  the  initial  reading  of  each  experience 
telng  safe  aero  (0)  as  shown  In  Table  VIII. 


nedwtion  of  ’’•bio  VII  to  deviation*  (in  mae.)  from  initial  value*  in  Cold  or  »t  Boom 
Tcpcrature  whichever  in  appropriate.  (negative  value,  indict.  increased  eeneltlvlty. ) 


Roan  Temperature  (without  looming) 


Cold  (with  learning) 

-  -  -  1 

Pre- 

Bxpoeure 

10 

20 

30 

40 

-0.65 

-0.40 

-0.40 

-0.10 

-0.50 

0.15 


Room  Taaperature  (with  learning) 


Group 


-0.60 

-0.40 

•0.20 

0.35 

-0.15 


Pre- 

Sxpoeure 


20 

30 

S8S828 

oooooo 

-0.10 

0.00 

0.00 

-0.10 

0.45 

0.00 

Cold  (without  learning) 


10 

20 

30 

0.25 

0.25 

0.10 

0.05 

0.35 

-0.05 

-0.35 

-0.05 

-0.10 

-0.40 

0.10 

-0.15 

-0.05 

-0.45 

-0.10 

0.10 

-0.15 

-0.05 

to  analyst*  of  warianoe  waa  carried  out  on  this  data.  Oom^ljwatja.ber ^ 

~  ^c^.^LTf^.^^llSning  fg*  ta 

SSrpS^’tTS  Il^^^hiSlSll^^SSSi^d  w.rSua  Included  in 
the  'residual  arrow*  tens. 

Ss  ^te^sSS^S’witoto'Soupa'  tarn  and 
tt^'betveenlcrnlnt  and  n.TSh^iiK'  aljnifio^ *?*  th*  lV°Ucl 

T”!I2  Xt,5S-1«pS^»f£2d  in%.SLtT«2u^t  to  Da  due  to  the  cM  uondl- 

sasr^sfw-, MtSirs^s.'^rM  s* 

”  ^..^rinrg^S^nC  only  «ith  the  firnt  10  ainutc  aaposur. 

at  -10®0* 

TABLE  g 

rf  Taricc  crrlad  out  on  the  data  in  Table  VIH  (HOn-aignifioant  int^Mc 
ten.  See.  been  included  in  the  Reeidual  grror  term*.) 


Scuroe  of 
Variation 

Sun  of 
Squares 

d.f. 

Moan  Square 

F 

Between  leaning 
and  no  learning 

0.9204 

1 

0.9204 

11.31** 

”SZ££eturee 

0.0064 

1 

0.0084 

0.10 

leaidaal  trror  (l) 

3.7447 

46 

0.0614 

Between  Orotvs 

0.0459 

1 

0.0459 

2.42 

Between  Lengths 
of  Exposure  Period 

0.1315 

3 

0.0438 

2.31 

Between  Suhjeota 
within  Croupe 
Residual  error  (2) 

1.8878 

0.6273 

10 

33 

0.1888 

0.0190 

9.93“ 

Total 

7.3660 

95 

XX  Slgnlfleant  at  1*  lewel 
xxx  Significant  at  0.1<  lewel. 


Ab»->lute<j<xp»ize  k 


Pelatwe  decreas« in  Absolute  gap  size 

gap  size  m  m  £  m  mm 


Scope 
’  24i 

2*2 

20 


Tactile  Sensitivity  Experiment  2 


j _ i _ i _ i _ I 

10  20  30  AO  SO 

-  Time  in  minutes- 


Tactile  Sensitivity  Experiment  2 


Tactile  Sensitivity  Experiment  2 
Fig  12. 

Group  D  Individual  curves.  sukjeds  tested 
at  room  tempe^tiw 


Tactile  Sensitivity  E*penm*nk  3 
Fig  13  Group’ D  overage  curve. 

| _ Ririod  of  cold  exposure 
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